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Abstract 
According to the business procedure, the structure and function modules of ZhaoKou irrigation management system 
are established in this work. Combining the fuzzy clustering method and Markov chain, this paper designed the 
precipitation forecasting module. And the crop water demand forecasting module is built on Penman formula and 
crop coefficient index. The establishment of water re-distribution module was successfully used in the optimization 
plan of the irrigation. In order to integrate the above three modules, Flex Viewer framework has been chosen to build 
the management system of Zhaokou irrigation based on the ArcGIS Server REST technology. Hence, the implement 
of this irrigation management system provided a reference application of Flex Viewer in water resources re-
scheduling and improved the irrigation management level and optimization plan of the irrigation. 
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1. Introduction 
Zhaokou irrigation is located at east of Henan Province, spanning Zhengzhou, Kaifeng, Zhoukou, and 
Xuchang 4 cities, including 10 countries such as Zhongmou, Kaifeng, Weishi, Tongxu, Tai Hong, Fugou, 
West China , Luyi, Yanling, Qixian. A number of geographical features’ information and real-time 
information are used in the procedure of management, and it is difficult to analyze and display with the 
traditional management information system. GIS technology makes the system easily and quickly for 
ecision-makers to access information and analyze the information because GIS is more expressly and 
effectively to describe the information in terms of visual image [1]. 
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2. Model Design of Water Distribution 
2.1.  Design of prediction model 
The irrigation water supply elements are the precipitation, groundwater and engineering measures 
(Zhaokou irrigation is Yellow River Diversion Project, mainly using diversion-water, supplemented by 
well-water).Among the three elements, the precipitation is not only the most uncertain data affected by 
climate, but also the most difficult data to predict. Therefore, the precipitation forecast is the most 
important part of the irrigation water supply. 
Precipitation is a process, using the precipitation data must combine with the sensitivity of water about 
distinct crops in different growth stages [2] instead of only using the menstrual amount of precipitation in 
Zhaokou irrigation. This paper established a Fuzzy Cluster model[3] to build the classification standard of 
water-shortage state in Zhaokou irrigation by analyzing a large number of historical data about the 
precipitation in the different growth stages of distinct crops; and then presented a method called weighted 
Markov chain[4] to predict the future state of water shortage(using precipitation data),which uses the 
standardized self-coefficients as weights and the special characteristics of precipitation as a dependent 
random variable. Based on the prediction procedures, the amount of precipitation was calculated by using 
the level eigenvalue of fuzzy sets. 
Firstly, the main crops are wheat (winter wheat) and maize in Zhaokou irrigation, so this paper defines 
the six time stages (named effective water quantity of the stage of wheat planting and seedling, the stage 
wheat wintering, the stage of winter wheat maturity, the stage of maize sowing and seedling, the stage of 
grain-filling maize, the stage of maize maturation), according to the sensitivity of water about the two 
crops in the growth stages. Secondly using the fuzzy clustering method(ISODATA)[5] developed by 
Shou-yu CHEN establishes the water-shortage classification, in this model the weights is calculated by 
synthetic utility index method under the principle of the weights positive correlated by the contribution of 
the effective precipitation in respective periods. 
2.2.  Design of crops’ water requirement model 
Irrigation crop’s water requirement calculation is the basic process of irrigation management in our 
country. The crops water requirement means the sum of corps’ evapotranspiration and evaporation of field, 
while the composition water of the crop is too little to consider [6]. The water requirement is expressed by 
ET in terms of three factors, meteorological factor, crop factor and soil factor, the expression is followed. 
 
ET=F(S,P,A)=Ks×Kc×ET0                                                                 (1) 
Where: Kc, crop factor; ET0, meteorological factor; Ks soil factor 
This paper used two the model to calculate the water requirement. First, the most common method of 
computing the meteorological factors is reference crop water model [7, 8], which is the Penman-Monteith 
formula recommended by FAO. 
 
    
              
   
     
         
             
                                                        (2) 
Where: Rn, surface radiation ;G, soil heat flux; U2, the wind speed in 2m; ea, Actual water vapor 
pressure; ed, Saturation vapor pressure ; t, temperature; , Saturated vapor pressure curve slope ; , 
psychometer constant. 
In the process of irrigation, the crop coefficient index (Kc) has different value in two periods called 
before drought and after drought, which depending on whether the crop is affected by drought [2]; 
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actually the administrator irrigates the crop field when the crops require water, in the other word the crops 
at the period after drought. Therefore, this paper uses the crop coefficient index (Kc) after drought with 
the following formula. 
 
  
          
                     
                                  (3) 
Where: a, b, different crops’ experience constant (winter wheat: a=0.9, b=0.74×10-6, maize: 
 a=0.35×10-5,b=2.56×10-5); Di, days after irrigate;θ m ,Soil moisture minimum value; Ni,days suffer 
water stress. 
2.3. Design of water distribution model 
1) The method of determining the irrigation scheme. The irrigation water from Yellow River is 
generally assembled by the Yellow River Conservancy Commission with the fixed number. But actually, 
the Yellow River water redistribution number is often changed by the actual situation, in order to meet the 
normal irrigation of crops. Therefore, non-sufficient irrigation water distribution plan were calculated to 
respond to different water requirement. Based on the prediction model, compared    the amount of Yellow 
River diversion water and crops water requirement in different periods, in order to determine the 
Irrigation method. If the former great than the latter, sufficient irrigation scheme is the first choice, on the 
contrary, the non-sufficient irrigation scheme is the choice, which means the distribution program must be 
re-calculated with the amount of groundwater and the diversion water(Table1).  



















sufficient 170 4 
1 11.21~11.30 10 cross winter 40 
2 3.22~3.31 10 working 40 
3 4.11~4.20 10 booting 45 
4 5.16~5.25 10 grouting 45 
non-
sufficient 120 3 
1 11.21~11.30 10 cross winter 40 
2 3.22~3.31 10 working 40 
3 4.21~4.30 10 heading 40 
maize 
sufficient 70 2 
1 8.1~8.9 9 tasselling 35 
2 8.21~8.30 9 grouting 35 
non-
sufficient 
35 1 1 8.21~8.29 9 grouting 35 
2) The method of determining irrigation quota. Based on the crops’ water requirement model, the 
coefficient of irrigation quota is determined by the greater number between the user-specified minimum 
coefficient and the ratio of the diversion water and potential water requirement (less than 1). 
3) The method calculated the irrigation area. When the Yellow River diversion water is not enough, it 
is priority to the use of groundwater for irrigation while the diversion water as a supplement. So the 
different irrigate areas are measured by canal distribution. 
On the above, the water distribution plan can be calculated with the following formula, which is based 
on the crops’ structure and the canal location. 
726  ZHANG Cheng-cai et al. / Procedia Engineering 28 (2012) 723 – 728
4 ZHANG Cheng-cai/ Procedia Engineering 00 (2011) 000–000 
                       (4) 
Where: ETi, water requirement in different irrigation area; S, irrigation area of a canal; η, canal water 
utilization factor.   
According to historical precipitation data, compared the predicted results and the actual irrigation 
water at the same period in the history [9] in order to provide the distribution plan in the future.  
3. Design of Zhaokou Irrigation Management System 
This paper introduced the building steps of irrigation management system of Zhaokou, with object-
oriented program, using the Flex Viewer framework based on ArcGIS Network Development platform. 
This system implements the functions of analyzing irrigation real-time data and makes the strategic 
decision to water allocation. 
3.1.  Architecture of Flex Viewer  
Flex Viewer is an application framework developed by ESRI’s company based on the technology of 
ArcGIS Server REST services. This framework offered the basic modules for designers, who only have to 
focus on the core modules of business instead of the basic and tedious works such as map management, 
application configuration, components’ communication and data management. Designers only need to 
add the configuration code into the xml file to deploy a new module to the existing Flex Viewer rapidly in 
the form of widgets. The container is composed by a series of high-viscosity, low coupling components, 
which not only simplifies the work of code maintenance and customization, but also reduces the time of 
the module generating. 
The Flex Viewer structural framework used the technology of IOC (via xml language) in application 
configuration. In Zhaokou irrigation system, the functions of precipitation model, water requirement 
model and water distribution model are packaged into the widgets, reconstructed in business logic layer 
by the widget manager of Flex Viewer. It is easy for the developers to modify via the xml language. 
3.2. System design 
3.3.1. System Database Design 
This system database used SQLServer 2005 database to manage data storage and the way spatial data 
and attribute data are stored in a relational table in order to maximize the data space to ensure the integrity 
of the entity. The database can be divided into two parts like basic information data and irrigation 
information. 
Basic information described the situation data of irrigation (update slow), including three parts 
irrigation and drainage information, water user information and management information. Irrigation 
information described the real-time data about the precipitation and the real-time hydrological data of 
irrigation channels. 
3.3.2 .System Functional Design 
The system functions are divided into five modules under the principle of pragmatism and extensibility 
based on practical needs and the management documents (Fig.1). 
Map management module contains the navigation, information query. Statistics and   analysis module 
is formed by information statistics and thematic mapping. Data management module provides two 
functions, such as data recording, data backup and recovery. System management module not only 
provides the set of the users’ right so that people with different authority get the right level data from the 
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system, but also the system maintenance is available in order to update the data and update the 
components. Irrigation management module is the most important module in the application, including 
three sub-modules named water-calculation module (includes precipitation forecast and water 
requirement models), water distribution optimization module and management module of water resources 
fees. Water-calculation module is implemented on the model in Part 2, processing the historical data of 
meteorological and the crops’ data, which are stored in the database to calculate prediction of 
precipitation and crops’ water requirement. Water distribution optimization module provided the decision 
support for the administrator with the forecast result of water-forecast module and business information in 
irrigation scheme in form of tabulation. Management of water resources fees module is formed by 4 
segments named, water fees planed to levy, levy on water fees, arrears and the fine of arrears. According 
to the Yellow River water   price regulations and the existing management documents, this module 
calculate the water fees and generate the statistic report of water fees based on the price in different 
periods and different administrative district. 
Fig.1. Irrigation Zhao functional diagrams 
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4. System implementation 
Zhaokou Irrigation Management Information System is implemented on the technology revealed on 
Part 3. System interface shown in Figure 2. The interface provides the information query of irrigation 
canal and water infrastructure location. Analyzing tools and forecast tools also offered at the menu bar in 
the interface menu.  
5. Conclusion 
a. According to the business of Zhaokou irrigation schedule and management document, this paper 
designed three modules and implemented with the framework of Flex Viewer and established the 
database and designed the function modules. This system improved the water using efficiency and office 
automation, providing a theoretical basis for water resources re-scheduling and the rational control of 
channels. 
b. WebGIS-based irrigation management system still faces many challenges, and need to make giant 
progress. It remains to be explored in the future in the aspects such as interface of the automated 
monitoring , the theories of groundwater recharge, and soil moisture.  
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